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The  deTeloiaent  of  spoce  flight  ccpohillty  pronrlde*  n«v  approach**  to 
acaK  of  the  fxindaacatal  x^robleiM  in  biologicaLl  science.  8adJ.entIjr,  apace 
penetration  not  only  auppliea  the  facility  to  stuSy  terrestrial  life  fom* 
in  radically  different  emrironaent*,  but  also  present#  the  fsaclmtlng 
possibility  of  the  encounter  of  ncHr-terre atrial  life  foras  vhlch  asy  be 
atulled  In  their  native  and  other  enTiroaswita .  Bxich  penetrations  afford 
reyolutlooary  Means  for  increasing  understanding  of  the  nature  of  the  life 
proceaa,  hoir  it  originated,  how  it  evolves  and  ftuictlooa,  and  wbart  fonM 
it  Bay  aasuBke  under  vldely  different  enviroDMantal  conditlooa  • 

SoBke  of  the  specific  questions  which  Bay  be  exBBincd  as  a  result  of 
space  flight  ciq^llity  Include  Biogeneaia;  Whether  life  originated  on  the 
earth,  whether  it  originated  independently  on  other  planets,  or  whether  It 
Bay  have  Bigrated  froB  planet  to  planet  as  suggested  in  the  panspermia  hgr- 
pothesia.  Parahiology;  Aaaoaing  Indigenous  life  foraa  are  encountered  on 
other  planets,  their  degree  of  organiiatlon,  their  evolutionary  history, 
their  structure  and  chead.atry  related  to  their  autecology,  the  functioning 
of  their  virginal  ecological  coaqtlexea,  and  finally  their  interactions  with 
terreatrlal  life.  Geoeralifd  geology;  The  behavior  of  terrestrial  organ- 
isBS  in  alien  envlraMaanta,  phyalcal  limits  to  their  survival,  and  the  ajr- 
peazaoee  of  possible  new  ecological  i>araBeter5  and  their  effects. 
rl*^>«‘^ary  Bi<y«<gratlon;  Viable  Bicro-organlaaa  being  transported  from 
planet  to  planet  by  natural  force*  and  the  Intentional  and/or  inadvertent 
transpoart  of  ad.ero-organ1  sbs  by  artificial  Beans. 

Although  it  Bty  be  aaziy  years  before  atudiea  auch  as  these  can  be 

*'nxrougbout  this  paper  the  term  micro-oreaniBa  is  used  to  refer  to  any 
terrestrial  viable  particle,  as  opposed  to  the  more  general  term  big  which 
la  used  for  the  cori*eepcndlng  parB-blological  entity. 
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»’Jcc««<f\iLl3r  pursued,  som  prellalnaiy  experl»enrti  azad  preoftutloxu,  a«  will 
be  proposed  la  this  psper,  should  be  undertsksn  la  the  Ijawdlate  future 
vlth  existing  sstelllte  and  space  fXlglrt  oapAbllitles  in  oorder  that  the 
c^Tportuoltles  for  these  future  basic  studies  not  be  obliterated. 

Among  the  earliest  Ideas  on  Interplanetary  blcsslgratloc  ware  the  pro¬ 
posals  of  8ales~t>U3roc  de  NuntllTault  In  lAsH  that  life  ctx  earth  orglnated 
f.*cai  seeds  falling  from  the  aooia.  In  I865  H.  £.  Rlchter^^^  hypothesized 
that  life  baa  existed  in  the  unlrarse  ss  long  as  flatter  has  existed  sad 
that  q^a  is  filled  with  basic  life  particles.  When  one  of  these  parti¬ 
cles,  such  as  a  spore,  falls  on  a  planet  with  farrorshle  anrlrocflaafsa  cotr' 
dlticDS,  the  planet  would  in  tlfle  be  eorarsd  with  a  Isr^e  otfl^bar  of  suita¬ 
bly  adapted  higher  life  foraa,  thus  ccn^lnlng  the  thaoriea  of  erolutloo 
and  paaqperBla.  Others  who  speculated  concerning  the  pensperala  hypcthr»als 
ware  Lard  KalTln  (Vllllsfli  Thorqpaoc)  In  1871/  Fardlnand  Cohn  1872,  and  B. 
Balflholtc  In  1582^.^^^  But  the  aoat  axteaslTn  coBtrlbutor  to  the  hypotlr- 
eais  wska  8.  iirrbenlus^^^  who  aade  quantltatlTa  astlaatea  of  tlaaa  required 
for  sporea  to  traTersa  interplsoetery  and  Interstellar  apace  propelled  by 
radiation  pressxare  and  discussed  sunrlTal  probabilities  of  organlflns  vsider 
space  conditions,  m  recent  years  little  that  can  be  considered  new  has 
been  contributed  to  Interplaoetinry  blanlgratlon  except  the  experlflants  of 
I.lpwari^  *  attaaptlng  to  detersdne  the  blophoretlc  prcpaortles  of  aateorltes. 
The  beat  ‘^urreot  eraluatlon  of  the  pansperflla  hypothoals  la  protoahly  that 
of  Oparin. 

Vlth  the  adrent  of  aodam  ooncepta  on  the  synthesis  of  flaercmoleculas 
and  the  origin  of  life,  the  panspenia  hypothesis  was  ccafli— wid  to  obscurity 
by  axparlflaotrlly  acceptahla  theories  of  biogenesis.  Bonethelass,  there 
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hM  o0TTcr  b««n  aufflcient  dat*  to  prore  or  dlapronre  this  *0  tba 

*dY«nt  of  «p«£e  fil«bt  lxrrlt«*  •cierrtlflc  re-exaMinatlon  of  pmnmp^rr-mim  eoo- 
cepts.  Bowrcr,  the  siMce  flight  c«g;>ablllty,  vhlch  allow*  tba  ro-axagalxiac- 
tlOQ  of  the  partapermlan  hypotheaia  by  iiaklng  feaalble  eaqperlJMmta  for  test- 
lixg  the  ex'jrrlT&l  of  alcro-organlaae  la  apace  azai  for  ao^pllng  the  actual 
zxuBbera  (If  aziy)  of  rlahle  argnnl  aaa  la  rarloua  parta  of  apace,  aasdlflea  the 
probabilities  in  panapemia.  For  while  autcad^ratlon  of  nri  rrrr  Tirganl  mm 
(l.e.,  trsAaport  of  alcro-orgazilaBt  or  blooa  fron  the  atorface  of  ooe  planet 
to  another  abetted  solely  by  nattiral  forces)  aay  be  highly  laiprobahle,  Ister- 


planetary  bl<mlgratloQ  which  Is  In  pairt  aided  by  ^pace  flight  oparatlooa 

aay  occur  auch  aore  readily  than  would  be  desired  or  plannad.  This  intro- 

J 

duces  to  the  problen  of  the  detemlnatloo  of  the  probability  of  autoad^rst- 


ancillary  nlgration  of  .lable  ■Icro-cnrgaalwaaj^i^jcar^iMent^  ^  the  aorVlYal 


establlah 


potentials  of  Blcro-orgaalsow  imder  various  apace  coaodltloos 


the  extent  to  vhlch  apac^  sterllltatioo  of  interplanetary  Inatrxaaant  probes 
and  other  space  vehicles  aaiy  be  relied  upon  to  prevent  the  infecting  of 
other  celestial  bodies,  (or  the  Infecting  of  the  earth  with  alien  life  by 
rettsmlng  probes),  and^vhether  f\nrther  aterllluitloD  procedures  would  be 


required. 


7K 


b^ieos-voold 


also  have  the  utility  of  detecting  unsuspected’ixwce  gffeuinf,  lie.,  effects 
which  vou]d  be  observed  by  instnaaents  only  fortuitously,  nils  Is  because 
InstruMsnts  des:lgDed  to  Beasure  specific  paraaeterB  have  leaa  utility  In 
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det'tfCtlaQ  of  UDloaowns  thsc  orga&laM  vtilch  posMss  aorv  xA>lq[Ulteus 

ttie  aodlfleaHans  Itiducod  in  BU.cr<r~02‘ganlnM  oxpoMd  to  AciiuO. 
spAC0  coodiiloBS  (Ti»— apAco—s laulji't'Wl  candi^iona)  aa  Xaajrzkad  fron 
the  abore  aatjMBrlawata  may  alao  bare  bearing  on  oot  knoirle(3ge  of  blogenaala 
ami  evolution. 

1310  aaaence  of  the  contaaLination  problen  la  that  the  probability  of 
the  infertloD  of  other  planetary  bodlea  by  a  blophoretlc  pOLanat  vlll  be 
altarad  If  the  natural  forcea  vhlch  can  aove  a  bloo  frcai  one  planet  to 
another  are  aided  at  aone  atage  (or  atagea)  by  artificial  aeana.  Sma  the 
planetary  cootaadnation  (jueatlon  la  not  oerely  bov  to  dlalsfect  a  apace 
araft.  It  la  a  queatloa  baalcally  involving  the  larger  concept  “  In  vhat 
way  doea  any  apace  operation  uzKlertakan  by  nan  alter  the  nature  of  apace 
aa  a  barrier  or  hlghiiay  for  interplanetary  blc  Igration  governed  aolely 
by  natural  forcea;  and  hov  may  lna./ertent  alteratlona  of  natural  tranaport 
prooeaaea  be  controlled  and  adriatiaed. 

The  lapllcatlcoa  of  thia  broader  context  are  iUuatrmted  by  tbj  fact 
that  In  having  launched  even  aatellltea,  the  prbbabiUtlea  of  natural  Inter¬ 
planetary  blcmigratlon  nay  already  have  been  radically  altered.  Hibbs^^^ 
baa  reported  that  the  akin  teoperaturea  of  the  Explorer  I  (195^  a)  In  apaute 
ranged  from  -5°C  to  70^C,  veil  vlthln  viability  preserving  llelta,  and 
aurprlalngly  that  parts  of  the  skin  of  the  Explorer  did  not  rise  above 
VT^C  during  the  aerodynamic  heating  phaae.  It  la  quite  conceivable  that  at 
the  present  tine  there  are  on  the  outer  surface  of  the  Explorer  acne  viable 
organlaaw.  The  probability  of  these  being  freed  of  the  satellite  and  being 
propelled  by  radiation  preaaxnre,  the  Poyntlng-Robertaon  aftaet,  or  som 
other  natural  force,  to  another  celestial  body  may  be  quite  reaxite.  But 
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uaaetbeleBM,  It  Ir  by  no  Beans  the  aaoe  probability  aa  the  probability  for 
an  arganioB  to  be  taken  by  natural  farces  frcm  tbe  mxxrfaee  at  the  earth  to 
Explorer's  orbit  and  then  carried  by  radiation  forces  to  other  bodies. 

B\it  of  raid  Bore  significance,  space  progrsais  vithlii  the  not  too 
distance  future  viU  plan  flights  of  instnssented  porches  to  explore  the 
atiBospberes  and  surfaces  of  other  planetary  bodies,  such  aa  Venua  and  Mars. 
1%ese  probes  axe  i>otential  cootsmlnators  of  these  planets  eren  though  land¬ 
ings  EMy  not  be  Bade.  And  it  is  not  so  vucb  frcai  outside  skins  as  frcsi 
aceidental  crashing  of  uneterile  probes  that  danger  uf  ccntaisl nation  arises. 

Ve  nay  sxnalne  the  contanii nation  problsn  by  dividing  It  into  the  f ol- 
loving  pbaaes: 

1.  The  probability  of  an  arganla«  frcn  the  earth's  sxnrface  reaching 
the  exosphere  by  convection,  inpact  transfer,  etc.; 

2.  Tbe  probability  of  an  organisB  In  the  exosphere  acquiring  a  hy- 
I>arbolic  orbit  by  radiation  pressvtre,  inqpact,  or  sgbk  other  accelerating 
nechanianj 

3.  The  probdility  of  a  hyperbolic  orbit  leading  to  positions  in 
space  favorable  to  the  organisas  being  svept  vp  by  another  planet; 

4.  Die  probability  of  captVKre  and  descent  to  the  surface  of  anotbar 
flonetj  and 

5.  Noet  basic,  tbe  probehlllty  of  eurvlval  of  tbe  organlsB  at  each 

stage. 

The  pxobehility  ol  sueeeseful  interplanetary  bisKlgration  vlll  be  tbe 
product  of  the  probabilities  of  these  separate  natural  events;  or,  as  asm's 
space  operations  extend,  the  probability  of  each  natural  event  ssist  be  re¬ 
placed  by  tbe  nev  probehlllty  introduced  by  the  corresponding  artificial 
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erent  In  gpaee  fli^;bt: 

a)  Ibe  probability  of  an  oartb  nlcro-orepanlai  roachlng  another  planet 
Khen  phaaea  Bo.  1  and.  Bo*  2  abore  are  ax^plantad  by  artificial  satellite 
transport  through  the  exosphere  vlth  the  nicaror-orgiinl  sro  being  subsetiuently 
free<l  froa  the  satellite  by  natural  farces. 

b)  Ihc  probability  of  infecting  another  planet  by  a  rehlcular  probe 
passing  near  the  planet  hyper  boll  aally . 

c)  psrbbablllty  of  infecting  snotber  planet  by  a  aatelllte  probe 
elroUng  that  plantrt. 

d)  Sw  probability  of  Infecting  a  planet  vlth  an  ataospherlc  probe. 

e)  The  pi'obebllity  of  infecting  a  planet  vlth  Tsrlous  types  of  rehic- 
ular  landings  (including  an  InadTsrtent  crash). 

In  order  to  m*^^^**  scsae  progress  in  estlsatlng  the  mgnltude  of  space 
as  a  barrier  to  natural  biaBdgratloo  and  acquire  an  idea  of  vtet  the  ooar- 
pooRDt  probablUtlea  nay  be,  aereral  cxperljaents,  both  leboretccy  and 
aateUlte-bome,  suggest  thsnselYes. 

Ve  nay  think  of  three  categories  for  such  experlnents: 

1.  Kxperljeegts  designed  to  ssceztaln  the  sux^Yal  of  ndgrcr-orgsnl  sms 
vndar  various  ataospherlo  and  space  eoDdltloos. 

2.  Xxperliients  to  deteralne  the  astronkaBsleal  properties  of  wdaxtr- 
orgsnlsM. 

3.  Actus],  samples  taken  at  various  levels  of  the  atBX>spbe3re  sad 
exospbeire  to  dirtsanBlne  the  presenoe  (if  any)  of  «icro-orgsn1  sns .  And  later, 

*S|y  astiroiphysleal  properties  are  aeant  absorption  eeefflelanta,  ■aacea, 
sixes,  etc.  la  geoaeral,  those  properties  vhloh  vould  give  Inforaation  on 
hov  the  orgaalBw  vould  react  to  radiation  pressure,  fields,  and  other  foroes 
affsctlng  their  transport  and  physical  state  in  space. 
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of  the  ataocpheret  and  aolla  of  other  celeatl&l  bodies,  as  suggest¬ 
ed  by  Feim  and  Lederberg. 

Ttya  suznrival  studies  eoiild  be  coodvarted  both  In  the  Ijsboratory  and  in 
space.  The  laboratory  experlaeots  vould  entail  subjecting  bacteria,  vi¬ 
ruses,  Bx>ores,  seeds  to  space  simulated  coodltloiis  to  deteraiiie  the  sur¬ 
vival  llBlts  of  organ  Isas  to  vide  ranges  of  intensity  of  various  radiations 
such  as  X-rays,  7  rays,  UV,  and  high  energy  particles,  the  survival  Ujsits 
in  tssparature,  sbsenee  of  ataosphere,  moisture,  etc. 

The  apace  suirvlval  tests  should  Include  ths  investlgatlcn  of  the  sur¬ 
vival  eharaeteristlos  of  various  atlcro-argaixlacis  sxich  sa  bacteria,  viruses, 
plant  spores  end  sssds  under  actual  eondltiona  in  free  space*  Coag>arlaooa 
shm4d  be  aede  at  a  large  range  cf  distances  from  the  earth's  surfaes  to 
datezmlne  vbathisr  certain  feature#  of  the  space  envirooment  vazy  in  thslr 
sterlUxatlon  prt^crtles  due  to  the  effect#  of  'local*  terrestrial  ancar* 

alias  such  as  the  earth's  angaetlc  field.  Van  Allen's  nevly  discovered 

(9) 

shell  of  pertlcle  radiation  may  be  an  sasuple  of  such  a  local  effect.' 
Cci^MLratlve  testa  should  also  be  made  inaide  and  outaide  the  earth's  shadr- 
ov.  In  addition  the  survival  characteristics  of  nlcro-organlama  floating 
free  In  space  should  be  co^^ared  vith  those  of  life  fomis  both  placed  on 
the  outaide  skins  of  satellites  and  placed  Inaide  of  satellites.  Outside 
foms  survival  chances  nay  vary  considerably.  They  ney  be  shielded  by 
structural  parts  labedded  In  paints  of  various  albedoes  or  in  other 
surface  ooetlngs,  e.g..  In  heeb-resistant  oroua  cerenlc  loaterlals.  All 
condition#  vhere  jKitentially  surviving  micro-organisms  may  stibsequently  be 
either  detached  szkI  make  their  vay  into  some  planetary  ataK>sphere  or  sur¬ 
vive  a  iwobe's  penetration  of  an  alien  ataosphere  should  he  scrutinlaed. 
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The  likelihood  oif  an  organi  am  survlTlnf'  free  In  spoce  is  proMibly  less  than 
the  likelihood  of  survlTsl  partially  sheltered  by  the  space  craft  coating. 
Hesxoe  if  no  organlsa  B^nrvlves  the  latter  partially  sheltered  enYlroment, 
it  could  be  concluded  that  none  vould  surrive  free  in  space.  Bo,  only,  in 
the  event  of  aurrlval  of  aicro-organisaas  hitchhiking  on  outer  skins  vould 
it  seen  Ijqpartant  to  attack  the  escperiaantally  aore  difficult  problen  of 
survival  In  free  space. 

The  expceure  of  the  laboratary  selected  olcrcr^argsnisM  to  space  con- 
dltloaas  on  the  outside  of  the  satallito  night  be  accosytlished  by  removing 
poortlccM  of  the  satellite  shell  and  ei^oslng  to  outer  space  previously 
Inoculated  sssiples  of  space  craft  coatings  (porosities  and  albedoes)  coo- 
tained  In  the  satellite.  The  satellite  shell  covers  could  be  replaced 
after  suitable  expoaare  tine,  and  the  e3q>oeed  ssnples  than  cosQared  vlth 
unexpoaed  sasples  retained  vlthin  the  satalllte  and  vlth  earth  retained 
.tanples  for  analysis  of  their  respective  sxnrriTsl  properties.  InetnoBantsk- 
tloo  to  ooqpare  the  satellite  samples  and  teleaurter  the  data  to  earth  could 
perhaps  be  designed,  but  it  is  best  to  think  of  this  type  of  experlssrat  as 
one  to  be  carried  out  vlth  a  recoverable  satellite.  (This,  however,  has 
the  diaadvaatage  that  space  flight  agendaa  call  for  noon  ebots  before  re- 

f 

coverahle  satellites.)  Such  experiments  vould  also  contribute  to  nore 
acaurate  knowledge  of  the  space  enrironawnt  In  that  they  night  serve  to 
detect  unknown  radlj&tlons  anc*  other  effects.  Later,  nore  sophisticated 
experlasnta  vould  study  not  eoly  s\nrTlvml  potentials  but  alteration  of 
organlaan  by  z*sdiation  effects  in  si>ace.  It  is  conceivable,  for  exaavle, 
that  the  high  \N  Intensity  in  space  nay  be  effective  In  reorganising  sane 
Baercaaoleeules  into  a  structuml  czwuaganant  bcsnlogoua  to  life  forms. 
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The  second  type  of  experiment  dealing  vj.th  the  a»troplv*lc*l  propei-- 
ties  of  alcro-arganlsM  could  be  coodncted  in  the  laboratory.  First,  maaes, 
sizes,  shapes  of  selected  species  of  bacteria,  spores,  seeds,  etc.,  could 
be  measured.  Other  looportant  physical  studies  which  bear  on  Interplv^netary 
blcxnlgratlon  could  be  Investigated,  e.g.,  the  dstsndnatiaa  of  the  nagol— 
tude  of  olectric  charges  which  organisms  may  ac(2Ulre  and  retain,  azxi  their 
behavior  In  electric  fields;  the  absorption  and  smlssion  properties  with 
respect  to  various  types  of  radiations,  radiation  pressure  effects,  beating 
by  radiatlcxi,  etc.,  and  In  general  all  factors  which  mmy  play  a  role  In  the 
Interaction  of  organisms  with  physical  forces  such  ss  light  pressure,  force 
fields,  convection,  etc.,  and  which  could  be  responsible  for  sutcmlgratloo 
end  determinstlon  of  the  organism's  condition  In  space.  Such  data  would  be 
of  great  use  to  the  space  selentlft  In  theoretically  detemlnlng  the  proba¬ 
bilities  of  traxuq;>ort  of  such  organlcas  by  light  pregsxtre,  Poyntlng- 
Robertaon  effect,  and  other  nechanlsms  across  space  to  other  celestial 
bodies. 

finally,  saaples  of  the  content  of  the  ipper  atmosphere,  and  the  exo¬ 
sphere  for  Bicro-orgsnlsB  density  will  give  useful  data  In  determining  the 
probehllltles  of  escape  of  the  relatively  heavy  alcro-crganl  sms  from  a 
Iilaoet.  The  sazq;>llng  experiments  would  atteopt  to  obtain  data  on  the  num¬ 
bers  and  types  of  organisms  at  s  range  of  heights  In  the  atmosphere  and  to 
various  distances  In  the  exosphere.  !Rda  data  wcxild  be  of  value  In  check¬ 
ing  the  efficacy  of  natui*al  physical  farces  In  abetting  escape  of  organisms 
from  the  earth.  If  organisms  are  found  In  mc(astn*able  nvmdt>ers  in  space,  a 
method  of  determining  what  percentage.  If  any,  are  on  tayperbollc  orbits 
(geocentrically  speaking)  should  be  derived. 
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It  !•  ^pi>arent  that  two  aci>ect8  of  these  experlownts  are  Involred: 

1.  There  1*  the  purely  physical  aspect  of  the  problea  tu  the  corr- 
elderatlon  of  the  probabilities  of  liwrganlc  particler  with  the  mases, 
sizes,  etc.,  of  Bd-cro-organiaM  being  transpoirted  as  described  above,  and 

2.  Ihere  is  the  bio-aspect  of  the  problea  concerning  surrival  of 
■icro-organl  sms  under  the  various  atmospheric  and  space  conditions  encoun¬ 
tered  and  Tar  the  tiste  durations  involved. 

With  the  svarvlval,  astrophysical,  and  ssopling  data,  panspermia  hy¬ 
potheses  could  be  re-exsmizrad  and  the  actual  dangers  of  contamination  of 
other  celestial  bodies  by  varicus  types  of  space  flight  operatioirs  deter¬ 
mined,  and  whatever  sterilization  measures  required  beyond  those  affected 
by  spckce  conditions  themselves  could  be  derived  and  ijqpleBiented.  Guided 
by  knovledge  of  the  extent  of  eontamlnatloD  probabilities,  plans  for  the 
methodical  ■clcotific  exploration  of  other  planets  can  be  laid.  For 
example,  an  interplanetary  probe  not  larwling  on  Mars  but  merely  grazing 
the  vpper  atmosphere,  or  an  artificial  aatellite  of  Nara  or  Vexxus  might 
then  be  launched,  knovlDg  what  risk  of  contaminating  the  planet  itself 
exists,  and  the  opporrtunlties  of  obtaining  Ij^portant  data  toward  answering 
fundamental  questions  in  biogenesis  and  organic  evolution  need  not  be 
destroyed. 

In  view  of  the  scientific  gains  by  contamination  avoidance,  as  dee- 

(8 )  • 

cribed  by  Dr.  Lederberg, '  '  both  la  the  question  of  neo-biotlc  synthesis 

of  large  mdeculea  and  In  testing  the  validity  of  the  panspermia  hypothesis; 

and  in  view  of  the  fact  as  ve  were  told  by  Dr.  Donovan^^^^  that  lunar  probes 

Heo-blotic  is  defined  as  leading  to  the  formation  of  biologically 
iietive  states. 
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hmre  been  autiiorlKed  mzuS.  vlU  be  Itomcbed  in  a  natter  of  montha,  the  coo- 
taolnatlon  question  assiaies  rather  a  high  priority. 

in  a  researeh  proeram  such  as  sketched  here,  the  early  coUsboratlon 
of  biologists  vlth  other  scientists  and  engineers  vorkixvg  00  space  flight 
problatM  vould  be  highly  desirable. 
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